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Abstract 
The present paper sought to identify what perception teachers from Natural Science fields have on the use of instructional 
strategies that make use of models to represent biomolecules. The data presented are related to two continuing education courses 
carried out with teachers from public schools of the state of São Paulo (Brazil). Such data showed that the teachers approved the 
use of instructional materials such as the ones suggested in the courses (e.g., construction of a 3-D biomolecular structure) and 
they pointed out some advantages and obstacles to the use of such materials. 
© 2010 Elsevier Ltd. All rights reserved. 
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1. Introduction 
In recent years, the fast development of knowledge in the field of molecular biology and its related technologies 
has created a gap in the academic education of today’s teachers. On the other hand, students have been calling for 
this knowledge due to the influence of other sources of information, such as written and oral press, which have 
provided regular coverage of these themes. As a result, it can be noted that teachers urgently need to improve at and 
to keep up-to-date on these subjects. In this scenario, the role of university, as an institution responsible for 
generating, promoting and spreading knowledge, is to reduce the temporal gap between the advances achieved in 
this field and what is taught in classrooms, a task that should be done by means of partnerships with public schools. 
The guidelines of the National Curriculum Parameters for Biology teaching in secondary (high school) education 
(Brasil, 2002) suggest that teachers work on different skills of the students, including the ones related to 
investigation and understanding (“To recognize, use, interpret, and propose explanatory models for natural or 
technological phenomena or systems”, e.g., “to interpret and use models to explain certain biological processes, such 
as the transport of nutrients through cell membranes, organization of the genetic code, DNA replication, RNA 
transcription, and protein synthesis”) and sociocultural contextualization (“To recognize the presence of Biology and 
Technology knowledge in the development of society. To realize, for example, that it contributes to preserve and 
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extend human life by allowing the production of medicines, vaccines, technology for disease diagnosis and 
treatment, food preservation”). 
Although the relations between Science, Technology and Society (STS) are included in the national guidelines 
and curriculum programs for elementary and secondary education, initiatives for implementing them are still shy. 
Regarding this theme, initial or continuing teacher education courses for both elementary and secondary education 
can play an important role in the building of educators’ skills, especially in what refers to two aspects: “ability to 
prepare and conduct activities capable of promoting learning and changes of attitude by students” and “orientation 
of teaching work towards the building of citizenship” (Trivelato, 2000).  
In this regard, when teachers get into a research project in which they’re responsible for building, implementing, 
and evaluating the activities proposed, they have another opportunity to reflect on their practices and provide them 
with an investigative attitude (Carvalho & Gil-Pérez, 1995). According to Zimmermann and Bertani (2003), “the 
constructions that occur in teaching practice are the result of the interaction between investigation, reflection and 
action”, and this is the profile expected for teachers nowadays. 
Taking into account the importance of practical activities for Science learning and the important role played by 
teachers both in developing and conducting such activities, this paper aims to identify what perception teachers from 
Natural Science fields have on the use of instructional strategies that make use of models to represent biomolecules. 
The data presented here are related to two continuing education courses carried out with teachers from elementary 
and secondary public schools. The courses included lectures and/or video conferences on themes related to structural 
biology and biotechnology, presentation, utilization, and evaluation of instructional resources intended for the 
teaching of such themes, as developed by our group (Beltramini et al., 2006; Bossolan et al., 2008; Silva, Bossolan 
& Beltramini, 2008; Carvalho & Bossolan, 2009).  
2. The courses 
Two continuing education courses for teachers from Natural Science fields, herein designated as course A and 
course B, were offered by the division of science education and dissemination of two research centers – Center for 
Structural Molecular Biotechnology (CBME/CEPID/FAPESP) and National Institute for Structural Biology and 
Medicinal Chemistry of Infectious Diseases (INBEQMeDI/ CNPQ/ FAPESP/ MCT/MS). 
Course A was part of a research project called “Teaching and learning of topics of molecular biology and its 
related technologies for elementary education students”. Nine science teachers from schools from the cities of São 
Carlos, Ibaté and Descalvado (state of São Paulo, Brazil) took part in the course. The project lasted two years and 
was divided into the following stages: (a) a course of content and pedagogical update for the teachers; (b) 
formulation of instructional strategies by the teachers themselves, using three instructional materials developed by 
the CBME (table 1); (c) the implementation of such strategies in classrooms, with the participation of 1,311 students 
of 7th and 8th grades of elementary education; and (d) the evaluation of the instructional strategies concerning the 
teaching-learning process of the concepts involved. Regarding the last stage, the instrument used in the evaluation of 
the strategies was a questionnaire containing 4 discursive questions addressed to the teachers. The data presented 
here refer to the evaluation of instructional strategy number 3: “A baby switch at hospital”, focusing on the 
possibilities offered for the teaching of this theme. 
Course B, called “Structural Molecular Biology and its relations with Biotechnology”, was offered to 256 
teachers of the fields of Natural Sciences and Mathematics. Such teachers are coordinators of pedagogical 
workshops (PCCP) related to the mentioned fields, and work along with the 91 Departments of Education of the 
Agency of Education of the State of São Paulo, being responsible for advising and training elementary and 
secondary teachers registered at these departments. The course included three video conferences and one special 
meeting, and lasted a total of 17 hours, as described in table 2. The data considered here refer to evaluations carried 
out by Biology and Chemistry high school teachers (which correspond to 77% of the evaluations) regarding a ludic 
activity consisting of the construction of tridimensional models with a kit called “Amino Acids and Proteins”. These 
evaluations were carried out through a written questionnaire containing 12 questions (open and multiple-choice) 
about specific contents presented in the course, as well as about how teachers can use the instructional material 
proposed in the course. 
In both courses, the stage of formulation of the evaluation questionnaires and the treatment of the answers 
obtained were based on Lüdke and André (1986), Bogdan and Biklen (1994), and Gil (1999). 
3. Results and Discussion 
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2. The courses 
Table 1: Activities developed by the Science teachers who took part in course A. 
 
N. Description 
1 “Finding out the differences between cells”: cards containing information and figures about different cell types. 
2 “Virtual Cells”: interactive software that exhibits 3-D schemes of prokaryotic and eukaryotic cells with their respective 
structures and organelles, including an audio record on their functions. 
3 “A baby switch at hospital”: developed with a kit of plastic pieces that represent the structure of the nucleic acids. The 
kit is named “Building the molecules of life: DNA and RNA”. The activity is based on a problem situation that allows 
that the concepts involved (DNA, genetic identification test, heredity, etc.) be approached and built. 
 
Table 2: Schedule of course B, which was offered to 256 teachers from Natural Science fields. 
 
Activity Content / Title Duration 
Video 
conference 
Cells – a structure based on a large assembly of macromolecular interactions.  
Interaction with the teachers.                                            
Activity carried out with the “Virtual Cells” interactive software. 
90 min 
30 min 
30 min 
Class: Genome organization in cells – transcription and translation 90 min 
Workshop: DNA extraction – using fruits/legumes and home-made reagents. Discussion of the 
procedure. 
90 min 
Dynamics of timeline: History of the main events and researchers related to the revolution of the 
DNA structure. 
60 min 
Ludic activity consisting of building tridimensional models using the “Building the molecules of 
life: DNA and RNA” kit: DNA composition, structure and replication; the transcription and the 
translation of a gene. 
90 min 
 
Face-to-
face 
meeting 
 
Class: Structure, coiling and functions of proteins.          
Ludic activity consisting of building tridimensional models using the “Amino Acids and Proteins” 
kit: Composition and structure of amino acids and polypeptide chains; construction of secondary 
structure with polypeptide chains. 
60   min 
 
180 min 
Video 
conference 
Genetic engineering, transgenic organisms and recombinant DNA technology. 
Interaction with the teachers.                  
90 min 
60 min 
Video 
conference 
Biotechnology and the discovery of new medicines and vaccines: a long way of research. 
Interaction with the teachers.    
90  min 
60 min 
3. Results and Discussion 
Table 3 shows the categories formed based on the answers provided by 6 teachers to the question: “In your 
opinion, was there an enlargement of your teaching possibilities by getting in contact with this material (DNA kit) 
and by using it? Why?”. The questions were answered after the teachers evaluated the implementation of activity 3, 
“A baby switch at hospital”. The teachers, represented by numbers in table 3, implemented this activity for 676 
students of 7th and 8th grades. 
By analyzing the teachers’ answers, it was concluded that the use of models for teaching molecular structures 
was particularly interesting regarding: (a) the motivation aroused in students and (b) its efficiency to promote 
learning of concepts related to molecular structures according to this level of education (final grades of elementary 
education). The use of a problem situation within a context, as in activity 3 (“A baby switch at hospital”), also 
received a positive feedback from the teachers, as a way to motivate students and as a teaching strategy. 
By starting with the specific content update, course A allowed teachers to build and evaluate their teaching-
learning strategies, what provided them with autonomy, security and criticism towards their own practices. The 
learning results achieved by students were highly satisfactory, as revealed by data drawn from the evaluations 
carried out with the students (data not showed). 
 
Table 3: Categories formed based on the answers provided by 6 Science teachers of elementary education that participated in course A to the 
question: “In your opinion, was there an enlargement of your teaching possibilities by getting in contact with this material (DNA kit) and by 
using it? Why?”. 
 
Categories exemplified by extracts from the answers given by the teachers. 
1. Provided confidence to work the content and/or to make innovations in the work method. 
“Knowing this instructional material allowed me to go deeper into this theme and offered me another way to treat this content with 
students...”, “The implementation of this material made me notice many flaws in the old traditional manner of teaching students” 
(Teacher # 1, female). 
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2. Confirmation that the use of models improves the understanding of the concept involved and makes it “concrete”. 
“About the DNA kit what I have to say is that it was really important so that the students could get a better view of the tridimensional 
structure of a DNA molecule and of how nucleotides interact in the structuring of DNA. Nevertheless, they demonstrated difficulty to 
abstract how such phenomenon occurs within a cell nucleus” (Teacher # 3, male). 
 “Yes. Because it can illustrate and concretize knowledge, it can involve the students and help them with curiosities that they had when 
it was worked on just in theory. The use of a concrete material provides a lot of help to the understanding of a certain substance, and 
there was no exception in the case of the plastic pieces designed to the construction of DNA...” (Teacher # 2, male). 
3. The ludic activity and/or the use of colorful models raise attention. 
“This DNA kit made the teaching of everything related to DNA a lot easier. Maybe because the material is so easy to manipulate; 
maybe because of the look offered by the pieces and by the “final product” obtained” (Teacher # 5, female). 
 “Yes. Because everything that is ludic calls the attention. The kit is colorful and easy to handle, and it helps in the understanding of the 
DNA molecule model” (Teacher # 6, female). 
4. There was an active and collective participation by students. 
“I think that above all... this project made my classes more dynamic, because, as I said before, the students became more interested and 
participated more actively when they faced ways of learning a content that were different from the one they see in textbooks”, “I think 
the use of these materials was very helpful, because they raise interest from students and incite them to work in groups...” (Teacher # 3, 
male). 
 
Regarding the evaluation carried out by teachers who participated in course B, the answers given to question 5 
(“Would you use this material to teach this topic in high school? Comment”) are presented in table 4. Out of the 256 
teachers who attended course B, 233 answered this question, and 58 justified their answers. Most of the 233 teachers 
(80%) chose YES and the 58 who justified their answers raised some questions concerning the use of the 
instructional material proposed, which were categorized in table 4. The answers grouped in category 4 (“Considers 
necessary the previous update of teachers on the content, which is regarded as complex”) reflect a concern by 
teachers of being up-to-date on the theme. The same concern appeared in many answers given to a similar question 
(“12. Comment on the possible uses of the kit in classrooms”), as the following extracts reveal: 
“The kit is a good material. It requires both teacher and students to have a good theoretical base”. (Biology teacher, # 4). 
 “I’ve learned a lot… but teachers must be well prepared in order to work with students in high school”. (Science teacher, # 95). 
“I think the kit provides a great aid to pedagogical practice, with some reservations: students and teachers [need to be] prepared; 
teachers need to know the kit very well; also need to define goals clearly”. (Biology teacher, # 38). 
 
 
Table 4: Categories formed based on the comments provided by 58 teachers who took part in course B. Such comments were complements of the 
answers given to question 5: “Would you use this material to teach this topic in high school? Comment”. 
 
Category Frequency of the answers 
1) Would use just the model already built in order to provide students with a demonstration. 12 
2) Adapted the use to the students’ level of knowledge on the subject. 8 
3) Would use it just after presenting the content theoretically. 6 
4) Considers necessary the previous update of teachers on the content, which is regarded as complex. 12 
5) Yes, and believes that the model helps in the understanding of the concept and of the 3-D structure of the protein molecule. 3 
6) Showed concern on the duration of the class and the number of students per work group.  14 
7) Adapted/Suggested the work integrating Biology and Chemistry teachers. 4 
8) Thinks the material is too fragile to be manipulated by the students. 3 
 
 
Category 6 (“Showed concern on the duration of the class and the number of students per work group”) indicates 
difficulty to work on a specific material with a large number of students and a reduced number of Biology and 
Chemistry classes. In Brazil, the number of students per classroom in public schools ranges from 35 to 40, and the 
number of Biology and Chemistry classes per week in high school is 2-3 for each of the three grades of this level of 
education, what seems insufficient for teachers to work on all the major contents suggested by official curriculum 
guidelines of these fields. This concern seems to explain the answers grouped in category 1 (“Would use just the 
model already built in order to provide students with a demonstration”), showing that the teachers would discard this 
practical activity with the students, using just the demonstration of the instructional material (in this case, a 
polypeptide chain, based on its tertiary structure or not). 
In what refers to the use of tridimensional models for the teaching of this theme, the teachers, as it can be 
observed in the answers to question 12, pointed out that the ludic aspect, along with interactivity, is essential to the 
References 
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construction of knowledge. They also pointed out that the visualization of the model helps the students to understand 
the concepts, as exemplified by the following extracts: 
 “… very important for the students to visualize molecular structures that most of the times don’t have any real mean to them”. 
(Biology teacher, # 201). 
“The kit makes the understanding of the molecular structures a lot easier, especially in Chemistry, when themes like chemical bond 
and molecular chirality are approached, as well as all the biochemical functions involved”. (Chemistry teacher, # 215). 
The global analysis of the data presented here allows the conclusion that the teachers approved the use of 
instructional materials such as the ones suggested in the courses (kit of colorful plastic pieces designed to the 
construction of the structure of biomolecules, such as nucleic acids and proteins), pointing out as positive features: 
(a) the ludic aspect of the material, (b) the importance of students viewing and manipulating the model in order to 
understand molecular structure, (c) the possibility of interaction between the participants, and (d) their active 
participation. However, the teachers also pointed out some obstacles to the use of such materials: the fact that 
teachers may not be up-to-date on the related contents, the reduced number of classes related to Biology and 
Chemistry, and the large number of students per classroom. 
A systematized program of continuing education for teachers from Natural Science fields is necessary due to the 
fast development of knowledge in such fields and to the growing (though still insufficient) availability of up-to-date 
instructional materials. In Brazil, actions by governmental bodies and agencies that subsidize researches have 
stimulated the development and update of instructional materials for the teaching of Natural Sciences. At the same 
time, there is a need for actions that stimulate the creative and self-directed use of instructional materials by 
teachers, in accordance with a reflection made by Trivelato (2003) on continuing education courses for Science 
teachers: 
So, the challenge is to create and propose instructional sequences that serve simultaneously to the teachers’ learning process 
and as a possible suggestion of teaching process for them to develop with their students. Activities that, by avoiding the model in 
which contents are reproduced and transferred, can provide teachers with meaningful learning, regarding both the conceptual 
questions involved and the teaching methodology used. Therefore, having an enlarged knowledge on specific conceptual aspects, 
teachers can develop a more autonomous attitude towards the content selection and organization. And, if what they experienced as 
novices in an instructional sequence was shown to be effective and relevant, it increases their methodological repertoires and their 
possibilities to make a proper choice regarding their teaching procedures. (p. 64). 
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